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(57) ABSTRACT 

An adherent device comprises an adhesive patch With at least 
tWo electrodes and an accelerometer. The accelerometer can 
be used to determine an orientation of the at least tWo mea 
surement electrodes on a patient. By determining the orien 
tation of the electrodes of the patch on the patient, physiologic 
measurements With the at least tWo electrodes can be adjusted 
and/or corrected in response to the orientation of the patch on 
the patient. The adherent patch and/ or electrodes can be 
replaced With a second adherent patch and/or electrodes, and 
the orientation of the second adherent patch and/ or electrodes 
can be determined With the accelerometer or a second accel 
erometer. The determined orientation of the second patch 
and/or electrodes on the patient can be used to correct mea 
surements made With the second adherent patch and/or elec 
trodes. 
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ADHERENT CARDIAC MONITOR WITH 
ADVANCED SENSING CAPABILITIES 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] The present application claims the bene?t under 35 
USC 1 19(e) of US. Provisional Application Nos. 60/ 972,537 
?led Sep. 14,2007, 61/055,666 and 61/055,662 both ofWhich 
Were ?led May 23, 2008; the full disclosures of Which are 
incorporated herein by reference in their entirety. 
[0002] The subject matter of the present application is 
related to the following applications: 60/972,512; 60/972, 
329; 60/972,354; 60/972,616; 60/972,363; 60/972,343; 
60/972,581; 60/972,629; 60/972,316; 60/972,333; 60/972, 
359; 60/972,336; 60/972,340 all ofWhich Were ?led on Sep. 
14, 2007; 61/046,196 ?led Apr. 18, 2008; 61/047,875 ?led 
Apr. 25, 2008; 61/055,645, 61/055,656 all ?led May 23, 
2008; and 61/079,746 ?led Jul. 10, 2008. 
[0003] The following applications are being ?led concur 
rently With the present application, on Sep. 12, 2008: Attor 
ney Docket Nos. 026843-00010US entitled “Multi-Sensor 
Patient Monitor to Detect Impending Cardiac Decompensa 
tion Prediction”; 026843-000220US entitled “Adherent 
Device With Multiple Physiological Sensors”; 026843 
000410US entitled “Injectable Device for Physiological 
Monitoring”; 026843-000510US entitled “Delivery System 
for Injectable Physiological Monitoring System”; 026843 
000620US entitled “Adherent Device for Cardiac Rhythm 
Management”; 026843-000710US entitled “Adherent 
Device for Respiratory Monitoring”; 026843-000810US 
entitled “Adherent Athletic Monitor”; 026843-000910US 
entitled “Adherent Emergency Monitor”; 026843 -001320US 
entitled “Adherent Device With Physiological Sensors”; 
026843-001410US entitled “Medical Device Automatic 
Start-up upon Contact to Patient Tissue”; 026843-001900US 
entitled “System and Methods for Wireless Body Fluid Moni 
toring”; 026843-002410US entitled “Adherent Device for 
Sleep Disordered Breathing”; 026843-002710US entitled 
“Dynamic Pairing of Patients to Data Collection GateWays”; 
026843-003010US entitled “Adherent Multi-Sensor Device 
With Implantable Device Communications Capabilities”; 
026843-0031 10US entitled “Data Collection in a Multi-Sen 
sor Patient Monitor”; 026843-003210US entitled “Adherent 
Multi-Sensor Device With Empathic Monitoring”; 026843 
003310US entitled “Energy Management for Adherent 
Patient Monitor”; and 026843-003410US entitled “Tracking 
and Security for Adherent Patient Monitor.” 

BACKGROUND OF THE INVENTION 

[0004] 1. Field of the Invention 
[0005] The present invention relates to patient monitoring. 
Although embodiments make speci?c reference to monitor 
ing impedance and electrocardiogram signals With an adher 
ent patch, the system methods and device described herein 
may be applicable to many applications in Which physiologi 
cal monitoring is used, for example Wireless physiological 
monitoring for extended periods. 
[0006] Patients are often treated for diseases and/ or condi 
tions associated With a compromised status of the patient, for 
example a compromised physiologic status. In some 
instances, a patient may report symptoms that require diag 
nosis to determine the underlying cause. For example, a 
patient may report fainting or diZZiness that requires diagno 
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sis, in Which long term monitoring of the patient can provide 
useful information as to the physiologic status of the patient. 
In some instances a patient may have suffered a heart attack 
and require care and/ or monitoring after release from the 
hospital. One example of a device to provide long term moni 
toring of a patient is the Holter monitor, or ambulatory elec 
trocardiography device. 
[0007] In addition to measuring heart signals With electro 
cardiograms, knoWn physiologic measurements include 
impedance measurements. For example, transthoracic 
impedance measurements can be used to measure hydration 
and respiration. 
[0008] Work in relation to embodiments of the present 
invention suggests that knoWn methods and apparatus for 
long term monitoring of patients may be less than ideal. 
Although transthoracic measurements can be useful, such 
measurements may use electrodes that may be someWhat 
uncomfortable and/or cumbersome for the patient to Wear. 
Also, it Would be helpful to detect subtle changes in patient 
physiology, for example based on subtle changes in electro 
cardiogram signals and/ or patient hydration signals. In at 
least some instances, electrodes that are held against the skin 
of the patient can become detached and/or dehydrated, such 
that the electrodes must be replaced. Replacement of elec 
trodes can result in a change in the orientation of the elec 
trodes that may affect the measured signal in at least some 
instances. Examples of physiological measurements that may 
be affected by electrode placement include electrocardio 
gram signals and tissue impedance signals to measure hydra 
tion and/or respiration of a patient. Therefore, a need exists to 
improve the quality of long term patient measurements With 
external devices, for example those Worn by the patient. 
[0009] Although implantable devices may be used in some 
instances, many of these devices can be invasive and/or 
costly, and may suffer at least some of the shortcomings of 
knoWn Wearable devices. 
[0010] Therefore, a need exists for improved patient moni 
toring. Ideally, such improved patient monitoring Would 
avoid at least some of the short-comings of the present meth 
ods and devices. 
[0011] 2. Description of the Background Art 
[0012] The folloWing US patents and Publications may 
describe relevant background art: US. Pat. Nos. 4,121,573; 
4,478,223; 4,850,370; 4,955,381; 4,981,139; 5,080,099; 
5,125,412; 5,331,966; 5,353,793; 5,511,553; 5,544,661; 
5,558,638; 5,724,025; 5,772,586; 5,862,802; 5,970,986; 
5,987,352; 6,047,203; 6,052,615; 6,117,077; 6,129,744; 
6,225,901; 6,385,473; 6,416,471; 6,454,707; 6,480,733; 
6,496,715; 6,527,711; 6,527,729; 6,551,252; 6,595,927; 
6,595,929; 6,605,038; 6,611,705; 6,645,153; 6,699,200; 
6,821,249; 6,912,414; 6,881,191; 6,980,851; 7,020,508; 
7,054,679; 7,153,262; 7,206,630; 2002/0045836; 2003/ 
0092975; 2003/0149349; 2005/0065445; 2005/0113703; 
2005/0131288; 2005/0267381; 2006/0010090; 2006/ 
0031102; 2006/0089679; 2006/0116592; 2006/0122474; 
2006/0155183; 2006/0253044; 2006/0224051; 2006/ 
0264730; 2007/0016089; 2007/0021678; 2007/0038038; 
2007/0073132; 2007/0142715; 2007/0167849; 2007/ 
0167850; and 2007/0208233. 

BRIEF SUMMARY OF THE INVENTION 

[0013] The present invention relates to patient monitoring. 
Although embodiments make speci?c reference to monitor 
ing impedance and electrocardiogram signals With an adher 
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ent patch, the system methods and device described herein 
may be applicable to any application in Which physiological 
monitoring is used, for example Wireless physiological moni 
toring for extended periods. 
[0014] In many embodiments, an adherent device com 
prises an adhesive patch With at least tWo electrodes and an 
accelerometer. The accelerometer can be used to determine 
an orientation of the at least tWo measurement electrodes on 

a patient, for example a measurement axis de?ned by the at 
least tWo electrodes. This use of the accelerometer and the at 
least tWo measurement electrodes can be particularly advan 
tageous With patient monitoring for an extended period, for 
example When it is desirable to detect subtle changes in 
patient physiology and the adherent patch With electrodes is 
replaced. By determining the orientation of the electrodes of 
the patch on the patient, physiologic measurements With the 
at least tWo electrodes can be adjusted and/or corrected in 
response to the orientation of the patch on the patient. In many 
embodiments, the accelerometer may be oriented With 
respect to an electrode measurement axis in a predetermined 
con?guration, Which can facilitate determination of the elec 
trode measurement axis in response to the accelerometer 
signal. In many embodiments, the adherent patch and/ or elec 
trodes are replaced With a second adherent patch and/ or elec 
trodes, and the orientation of the second adherent patch and/ 
or electrodes determined With the accelerometer or a second 
accelerometer. The determined orientation of the second 
patch and/or electrodes on the patient can be used to correct 
measurements made With the second adherent patch and/or 
electrodes, such that errors associated With the alignment of 
the ?rst and second patch on the patient can be minimized, 
even inhibited. 

[0015] In a ?rst aspect, embodiments of the present inven 
tion provide a method of monitoring a patient. An adherent 
device is adhered to a skin of the patient. The adherent device 
comprises an accelerometer and at least tWo measurement 
electrodes. The at least tWo measurement electrodes can be 
separated by a distance to de?ne an electrode measurement 
axis. An accelerometer signal is measured When the device is 
adhered to the patient. An orientation of the electrode mea 
surement axis on the patient is determined in response to the 
accelerometer signal. 
[0016] In many embodiments, the accelerometer comprises 
at least one measurement axis sensitive to gravity aligned 
With the electrode measurement axis. The at least one accel 
erometer measurement axis can be con?gured to extend sub 
stantially horiZontally on the patient When the device is 
adhered to the patient. The accelerometer signal may corre 
spond to at least one accelerometer measurement vector in a 
direction along the at least one accelerometer measurement 
ax1s. 

[0017] In many embodiments, the accelerometer comprises 
at least one accelerometer measurement axis sensitive to 
gravity, and the at least one accelerometer measurement axis 
is oriented With respect to the electrode measurement axis in 
a predetermined con?guration. 
[0018] The at least tWo electrodes may comprise a positive 
electrode and a negative electrode that de?ne an orientation of 
an electrode measurement vector along the electrode mea 
surement axis. The accelerometer signal may correspond to at 
least one accelerometer measurement vector that extends 
aWay from the electrode measurement axis. The at least one 
accelerometer measurement vector can be sensitive to gravity 
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such that the accelerometer signal indicates When the patch 
adhered to the patient is upside doWn. 
[0019] In many embodiments, the adherent device com 
prises an adherent surface to adhere to a skin of the patient, 
and electrode measurement axis extends along the adherent 
surface. The accelerometer may comprise three axes, and a 
?rst axis and a second axis of the three axes may extend along 
the measurement surface. A third axis of the three axes may 
extend aWay from the measurement surface. 

[0020] In a speci?c embodiment, the accelerometer mea 
surement signal may correspond to three orthogonal mea 
surement vectors and each of the three orthogonal measure 
ment vectors can extends along one of the accelerometer 
measurement axes. 

[0021] In many embodiments, an electrocardiogram signal 
is measured With the at least tWo measurement electrodes, and 
the electrocardiogram signal is modi?ed in response to the 
accelerometer signal. For example, the electrocardiogram 
vector can be rotated in response to the accelerometer signal 
to obtain a standard electrocardiogram vector. As a result of 
the rotation, the amplitude and direction of electrocardiogram 
features can be modi?ed so as to approximate those of a 
standard electrocardiogram vector. 
[0022] In another aspect, embodiments of the present 
invention provide a method of monitoring a patient. A ?rst 
adherent patch is adhered to a skin of the patient, and the ?rst 
patch comprises an adhesive and electrodes. A ?rst acceler 
ometer signal is measured When the ?rst adherent patch is 
adhered to the patient. A second adherent patch is adhered to 
the skin of the patient, and the second patch comprises an 
adhesive and electrodes. A second accelerometer signal is 
measured When the second adherent patch is adhered to the 
patient. An orientation on the patient of at least one of the ?rst 
patch or the second patch is determined in response to at lest 
one of the ?rst accelerometer signal or the second accelerom 
eter signal. 
[0023] In many embodiments, a ?rst electrocardiogram 
signal is measured When the ?rst adherent patch is adhered to 
the patient. A second electrocardiogram signal is measured 
When the second adherent patch is adhered to the patient. At 
least one of the ?rst electrocardiogram signal or the second 
electrocardiogram signal is adjusted in response to at least 
one of the ?rst accelerometer signal or the second accelerom 
eter signal. 
[0024] In another aspect, embodiments of the present 
invention provide a method of monitoring a patient. A ?rst 
adherent measurement device is adhered to a skin of the 
patient. The ?rst adherent measurement device comprises a 
?rst accelerometer and a ?rst at least tWo measurement elec 
trodes. A second adherent measurement device is adhered to 
a skin of the patient. The second adherent measurement 
device comprises a second accelerometer and a second at 
least tWo measurement electrodes. A ?rst accelerometer sig 
nal is measured and a ?rst electrocardiogram signal is mea 
sured With the ?rst at least tWo measurement electrodes. The 
?rst accelerometer signal and the ?rst electrocardiogram sig 
nal are measured When the ?rst adherent measurement device 
is adhered to the skin of the patient. A second accelerometer 
signal is measured and a second electrocardiogram signal is 
measured With the second at least tWo measurement elec 
trodes. The second accelerometer signal and the second elec 
trocardio gram signal are measured When the second adherent 
measurement device is adhered to the skin of the patient. The 
?rst electrocardiogram signal is combined With the second 
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electrocardiogram signal in response to the ?rst accelerom 
eter signal and the second accelerometer signal. The electro 
cardiogram signals can be combined by summing a scaled 
version of each signal. 

[0025] In many embodiments, the ?rst accelerometer com 
prises a ?rst accelerometer measurement axis and the ?rst at 
least tWo electrodes are separated by a ?rst distance to de?ne 
a ?rst electrode measurement axis. The ?rst accelerometer 
measurement axis can be aligned With the ?rst electrode 
measurement axis. The second accelerometer may comprise a 
second accelerometer measurement axis and the second at 
least tWo electrodes can be separated by a second distance to 
de?ne a second electrode measurement axis. The second 
accelerometer measurement axis may be aligned With the 
second electrode measurement axis. 

[0026] In many embodiments, an orientation of the ?rst 
electrode measurement axis is determined in response to the 
?rst accelerometer signal. An orientation of the second elec 
trode measurement axis is determined in response to the to the 
accelerometer signal. 
[0027] In many embodiments, the ?rst electrocardiogram 
signal is combined With the second electrocardiogram signal 
When the second adherent measurement device is adhered to 
the skin of the patient. 
[0028] In another aspect, embodiments of the present 
invention provide a device for monitoring a patient. The 
device comprises a support With an adhesive to adhere to a 
skin of the patient, and an accelerometer to generate an accel 
erometer signal With the accelerometer supported With the 
support. At least tWo measurement electrodes are supported 
With the support, and the at least tWo measurement electrodes 
are separated by a distance to de?ne an electrode measure 
ment axis. The device comprises circuitry to measure the 
accelerometer signal When the device is adhered to the 
patient. A processor comprises a tangible medium con?gured 
to determine an orientation of the electrode measurement axis 
on the patient in response to the accelerometer signal. 

[0029] In many embodiments, the support comprises an 
adhesive patch With an adhesive to adhere the support to the 
patient. The adhesive patch may comprise a breathable tape 
With adhesive to adhere the support to the patient. 

[0030] In many embodiments, the accelerometer comprises 
at least one measurement axis sensitive to gravity aligned 
With the electrode measurement axis. The accelerometer may 
comprise at least one accelerometer measurement axis sensi 
tive to gravity, and the accelerometer may be positioned and 
supported With the support such that the measurement axis 
extends substantially horizontally on the patient When the 
support is adhered to the patient. 

[0031] In many embodiments, the accelerometer signal 
corresponds to at least one accelerometer measurement vec 
tor along the at least one accelerometer measurement axis. 

[0032] In many embodiments, the accelerometer comprises 
at least one accelerometer measurement axis sensitive to 
gravity, and the at least one accelerometer measurement axis 
is oriented With respect to the electrode measurement axis in 
a predetermined con?guration. The at least tWo electrodes 
may comprise a positive electrode and a negative electrode 
that de?ne an orientation of an electrode measurement vector 
along the electrode measurement axis. 

[0033] In many embodiments, the accelerometer signal 
corresponds to at least one measurement vector that extends 
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aWay from the electrode measurement axis such that the 
accelerometer signal indicates When the patch adhered to the 
patient is upside doWn. 
[0034] In many embodiments, the adherent device com 
prises an adherent surface to adhere to a skin of the patient, 
and the electrode measurement axis extends along the adher 
ent surface. The accelerometer may comprise three axes, and 
a ?rst axis and a second axis of the three axes can extend along 
the adherent surface. A third axis of the three axes can extend 
aWay from the adherent surface. 
[0035] In many embodiments, the accelerometer signal 
corresponds to three orthogonal measurement vectors, and 
each of the three orthogonal measurement vectors extends 
along one of the accelerometer measurement axes. 

[0036] In many embodiments, measurement circuitry is 
coupled to the at least tWo measurement electrode to measure 
an electrocardiogram signal. A processor is coupled to the 
measurement circuitry and comprises a tangible medium con 
?gured to modify the electrocardiogram signal in response to 
the accelerometer signal. 
[0037] In another aspect, embodiments of the present 
invention provide a system for monitoring a patient. The 
system comprises a ?rst support With a ?rst adhesive to 
adhere to a skin of the patient. First electrodes are supported 
With the support to couple to the skin of the patient. The 
system comprises a second support With a second adhesive to 
adhere to the skin of the patient. Second electrodes are sup 
ported With the second support to couple to the skin of the 
patient. At least one accelerometer is coupled to at least one of 
the ?rst support or the second support to determine an orien 
tation of at least one of the ?rst electrodes or the second 
electrodes When the at least one of the ?rst electrodes or the 
second electrodes are coupled to the patient. 
[0038] In many embodiments, the at least one accelerom 
eter comprises a ?rst accelerometer removably coupled to the 
?rst support in a ?rst predetermined orientation and a second 
accelerometer removably coupled to the second support in a 
second predetermined orientation. 
[0039] In many embodiments, the at least one accelerom 
eter comprises an accelerometer removably coupled to the 
?rst support in a ?rst predetermined orientation and Wherein 
the accelerometer is removably coupled to the second support 
in a second predetermined orientation such that the acceler 
ometer can be reused. 

[0040] In many embodiments, the ?rst support With the ?rst 
adhesive comprises a ?rst breathable tape and the second 
support With the second adhesive comprises a second breath 
able tape. 
[0041] In another aspect, embodiments of the present 
invention provide a system for monitoring a patient. The 
system comprises a ?rst adherent measurement device com 
prising a ?rst support With a ?rst adhesive to adhere the ?rst 
support to a skin of the patient. The ?rst adherent measure 
ment device comprises a ?rst accelerometer and a ?rst at least 
tWo measurement electrodes. The ?rst adherent device com 
prises ?rst measurement circuitry to measure a ?rst acceler 
ometer signal With the accelerometer and a ?rst electrocar 
diogram signal With the ?rst at least tWo measurement 
electrodes. A second adherent measurement device com 
prises a second support With a second adhesive to adhere the 
second support to a skin of the patient. The second adherent 
measurement device comprises a second accelerometer and a 
second at least tWo measurement electrodes. The second 
accelerometer comprises second circuitry to measure a sec 
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ond accelerometer signal With the second accelerometer and 
a second electrocardiogram signal With the second at least 
tWo measurement electrodes.A processor system comprises a 
tangible medium con?gured to combine the ?rst electrocar 
diogram signal With the second electrocardiogram signal in 
response to the ?rst accelerometer signal and the second 
accelerometer signal. 
[0042] In many embodiments, the ?rst accelerometer com 
prises a ?rst accelerometer measurement axis and the ?rst at 
least tWo electrodes are separated by a ?rst distance to de?ne 
a ?rst electrode measurement axis. The ?rst accelerometer 
measurement axis is aligned With the ?rst electrode measure 
ment axis. The second accelerometer comprises a second 
accelerometer measurement axis and the second at least tWo 
electrodes are separated by a second distance to de?ne a 
second electrode measurement axis. The second accelerom 
eter measurement axis may be aligned With the second elec 
trode measurement axis. The processor system can be con 
?gured to determine an orientation of the ?rst electrode 
measurement axis in response to the ?rst accelerometer signal 
and determine an orientation of the second electrode mea 
surement axis in response to the to the accelerometer signal. 
[0043] The processor system may comprise at least one 
processor supported With at least one of the ?rst support or the 
second support, and the at least one processor can be con?g 
ured to combine the ?rst electrocardiogram signal With the 
second electrocardiogram signal in response to the ?rst accel 
erometer signal and the second accelerometer signal. Com 
bining may include scaling each signal and summing the 
signals together. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] FIG. 1A shoWs a patient and a monitoring system 
comprising an adherent device, according to embodiments of 
the present invention; 
[0045] FIG. 1B shoWs a bottom vieW of the adherent device 
as in FIG. 1A comprising an adherent patch; 
[0046] FIG. 1C shoWs a top vieW of the adherent patch, as 
in FIG. 1B; 
[0047] FIG. 1D shoWs a printed circuit boards and elec 
tronic components over the adherent patch, as in FIG. 1C; 
[0048] FIG. 1D1 shoWs an equivalent circuit that can be 
used to determine optimal frequencies for determining 
patient hydration, according to embodiments of the present 
invention; 
[0049] FIG. 1D2 shoWs an adherent devices as in FIGS. 
1A-1D positioned on a patient to determine orientation of the 
adherent patch on the patient, according to embodiments of 
the present invention; 
[0050] FIG. 1D3 shoWs vectors from a 3D accelerometer to 
determine orientation of the measurement axis of the patch 
adhered on the patient, according to embodiments of the 
present invention; 
[0051] FIG. 1E shoWs batteries positioned over the printed 
circuit board and electronic components as in FIG. 1D; 
[0052] FIG. 1F shoWs a top vieW of an electronics housing 
and a breathable cover over the batteries, electronic compo 
nents and printed circuit board as in FIG. 1E; 
[0053] FIG. 1G shoWs a side vieW ofthe adherent device as 
in FIGS. 1A to IE; 
[0054] FIG. 1H shoWn a bottom isometric vieW of the 
adherent device as in FIGS. 1A to 1G; 
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[0055] FIGS. II and 1] shoW a side cross-sectional vieW 
and an exploded vieW, respectively, of the adherent device as 
in FIGS. 1A to 1H; 
[0056] FIG. 1K shoWs at least one electrode con?gured to 
electrically couple to a skin of the patient through a breathable 
tape, according to embodiments of the present invention; 
[0057] FIGS. 2A to 2C shoW a system to monitor a patient 
for an extended period comprising a reusable electronic com 
ponent and a plurality of disposable patch components, 
according to embodiments of the present invention; 
[0058] FIG. 2D shoWs a method of using the system as in 
FIGS. 2A to 2C; 
[0059] FIGS. 3A to 3D shoW a method of monitoring a 
patient for an extended period With an adherent patch With 
adherent patches alternatively adhered to the right side or the 
left side of the patient; and 
[0060] FIG. 4A shoWs a method of monitoring a patient, 
according to embodiments of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0061] Embodiments of the present invention relate to 
patient monitoring. Although embodiments make speci?c 
reference to monitoring impedance and electrocardiogram 
signals With an adherent patch, the system methods and 
device described herein may be applicable to any application 
in Which physiological monitoring is used, for example Wire 
less physiological monitoring for extended periods. 
[0062] In many embodiments, an adherent device com 
prises an adhesive patch With at least tWo electrodes and an 
accelerometer. The accelerometer can be used to determine 
an orientation of the at least tWo measurement electrodes on 
a patient, for example a measurement axis de?ned by the at 
least tWo electrodes. This use of the accelerometer and the at 
least tWo measurement electrodes can be particularly advan 
tageous With patient monitoring for an extended period, for 
example When it is desirable to detect subtle changes in 
patient physiology and the adherent patch With electrodes is 
replaced. By determining the orientation of the electrodes of 
the patch on the patient, physiologic measurements With the 
at least tWo electrodes can be adjusted and/or corrected in 
response to the orientation of the patch on the patient. In many 
embodiments, the accelerometer may be oriented With 
respect to an electrode measurement axis in a predetermined 
con?guration, Which can facilitate determination of the elec 
trode measurement axis in response to the accelerometer 
signal. In many embodiments, the adherent patch and/or elec 
trodes are replaced With a second adherent patch and/ or elec 
trodes, and the orientation of the second adherent patch and/ 
or electrodes determined With the accelerometer or a second 
accelerometer. The determined orientation of the second 
patch and/or electrodes on the patient can be used to correct 
measurements made With the second adherent patch and/or 
electrodes, such that errors associated With the alignment of 
the ?rst and second patch on the patient can be minimized, 
even inhibited. 

[0063] As used herein, an adhesive patch encompasses a 
piece of soft material With an adhesive that can cover a part of 
the body. 
[0064] In many embodiments, the adherent devices 
described herein may be used for 90 day monitoring, or more, 
and may comprise completely disposable components and/or 
reusable components, and can provide reliable data acquisi 
tion and transfer. In many embodiments, the patch is con?g 
ured for patient comfort, such that the patch can be Worn 
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and/ or tolerated by the patient for extended periods, for 
example 90 days or more. In many embodiments, the adher 
ent patch comprises a tape, Which comprises a material, pref 
erably breathable, With an adhesive, such that trauma to the 
patient skin can be minimized While the patch is Worn for the 
extended period. In many embodiments, the printed circuit 
board comprises a ?ex printed circuit board that can ?ex With 
the patient to provide improved patient comfort. 
[0065] FIG. 1A shoWs a patient P and a monitoring system 
10. Patient P comprises a midline M, a ?rst side S1, for 
example a right side, and a second side S2, for example a left 
side. Monitoring system 10 comprises an adherent device 
100. Adherent device 100 can be adhered to a patient P at 
many locations, for example thorax T of patient P. In many 
embodiments, the adherent device may adhere to one side of 
the patient, from Which side data can be collected. Work in 
relation With embodiments of the present invention suggests 
that location on a side of the patient can provide comfort for 
the patient While the device is adhered to the patient. 
[0066] Adherent device 100 can be aligned and/or oriented 
With respect to axes of patient P. Orientation of adherent 
device 100 can comprise orientation of device 100 With a 
patient coordinate system 100P aligned With axes of the 
patient. Patient P comprises a horizontal axis Px that extends 
laterally from one side of the patient to the other, for example 
from side S1 to side S1 across midline M. Patient P comprises 
an anterior posterior axis Py that extends from the front, or 
anterior, of the patient to the back, or posterior of the patient. 
Patient P comprises a vertical axis Pz that extends vertically 
along the patient, for example vertically along the midline of 
the patient from the feet of the patient toWard the head of the 
patient. In many embodiments, horizontal axis Px, anterior 
posterior axis Py and vertical axis Pz may comprise a right 
handed triple of orthogonal coordinate references. 
[0067] Adherent device 100 may comprise a 3D coordinate 
reference system 112XYZ. Device 100 may comprise an 
X-axis 112X for alignment With horizontal axis Px of the 
patient, aY-axis for alignment With anterior posterior axis Py 
of the patient and a Z axis for alignment With vertical axis Pz 
of the patient. Coordinate reference system 112XYZ may 
comprise X-axis 112X, Y-axis 112Y and Z-axis 112Z. Coor 
dinate reference system 112XYZ may comprise a right 
handed triple, although other non-orthogonal and orthogonal 
reference systems may be used. 
[0068] Adherent device 100 may comprise indicia for 
alignment With an axis of the patient. The indicia can be used 
to align at least one axis of device 100 With at least one axis of 
the patient. The indicia canbe positioned on at least one of the 
adherent patch, a cover, or an electronics module. The indicia 
can be visible to the patient and/ or a care provider to adhere 
device 100 to the patient in alignment With at least one axis of 
the patient. A vertical line along Z-axis 112Z can indicate 
vertical axis 112Z to the patient and/or care provider, and a 
horizontal line along X-axis 112X can indicate horizontal 
X-axis 112X to the patient and/ or care provider. A name, logo 
and/ or trademark can be visible the outside of device 100 to 
indicate that device 100 correctly oriented, and arroWs can 
also be used, for example a vertical arroW pointing up and a 
horizontal arroW pointing to the right. 
[0069] Monitoring system 10 includes components to 
transmit data to a remote center 106. Remote center 106 can 
be located in a different building from the patient, for example 
in the same toWn as the patient, and can be located as far from 
the patient as a separate continent from the patient, for 
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example the patient located on a ?rst continent and the remote 
center located on a second continent. Adherent device 100 

can communicate Wirelessly to an intermediate device 102, 
for example With a single Wireless hop from the adherent 
device on the patient to the intermediate device. Intermediate 
device 102 can communicate With remote center 106 in many 
Ways, for example With an intemet connection and/or With a 
cellular connection. In many embodiments, monitoring sys 
tem 10 comprises a distributed processing system With at least 
one processor comprising a tangible medium of device 100, at 
least one processor 102P of intermediate device 102, and at 
least one processor 106P at remote center 106, each of Which 
processors can be in electronic communication With the other 
processors. At least one processor 102P comprises a tangible 
medium 102T, and at least one processor 106P comprises a 
tangible medium 106T. Remote processor 106P may com 
prise a backend server located at the remote center. Remote 
center 106 can be in communication With a health care pro 
vider 108A With a communication system 107A, such as the 
Internet, an intranet, phone lines, Wireless and/or satellite 
phone. Health care provider 108A, for example a family 
member, can be in communication With patient P With a 
communication, for example With a tWo Way communication 
system, as indicated by arroW 109A, for example by cell 
phone, email, landline. Remote center 106 can be in commu 
nication With a health care professional, for example a phy 
sician 108B, With a communication system 107B, such as the 
Internet, an intranet, phone lines, Wireless and/or satellite 
phone. Physician 108B can be in communication With patient 
P With a communication, for example With a tWo Way com 
munication system, as indicated by arroW 109B, for example 
by cell phone, email, landline. Remote center 106 can be in 
communication With an emergency responder 108C, for 
example a 911 operator and/or paramedic, With a communi 
cation system 107C, such as the Internet, an intranet, phone 
lines, Wireless and/or satellite phone. Emergency responder 
108C can travel to the patient as indicated by arroW 109C. 
Thus, in many embodiments, monitoring system 10 com 
prises a closed loop system in Which patient care can be 
monitored and implemented from the remote center in 
response to signals from the adherent device. 

[0070] In many embodiments, the adherent device may 
continuously monitor physiological parameters, communi 
cate Wirelessly With a remote center, and provide alerts When 
necessary. The system may comprise an adherent patch, 
Which attaches to the patient’s thorax and contains sensing 
electrodes, battery, memory, logic, and Wireless communica 
tion capabilities. In some embodiments, the patch can com 
municate With the remote center, via the intermediate device 
in the patient’s home. In some embodiments, remote center 
106 receives the patient data and applies a patient evaluation 
algorithm, for example an algorithm to calculate the apnea 
hypopnea index. When a ?ag is raised, the center may com 
municate With the patient, hospital, nurse, and/ or physician to 
alloW for therapeutic intervention. 
[0071] The adherent device may be a?ixed and/ or adhered 
to the body in many Ways. For example, With at least one of 
the folloWing: an adhesive tape, a constant-force spring, sus 
penders around shoulders, a screW-in microneedle electrode, 
a pre-shaped electronics module to shape fabric to a thorax, a 
pinch onto roll of skin, or transcutaneous anchoring. Patch 
and/ or device replacement may occur With a keyed patch (e. g. 
tWo-part patch), an outline or anatomical mark, a loW-adhe 
sive guide (place guidelremove old patchlplace neW 
























